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8. (Currently Amended) The image sensor according to Claim 4, characterized in that 
wherein said N-bit A/D conversion means for the pixel output performs A/D conversion using a 
1-bit comparator, said amplifier performs G times amplification in columns using the capacitance 
ratio of the capacitor, and by connecting one end of the capacitor to an input of said amplifier, 
and the other end of the capacitor to a reference voltage at reset, and changing said reference 
voltage to determine the operation point of the output voltage of the amplifier by the output of 
said 1-bit comparator, the output of said amplifier is controlled within a linear area without being 
saturated, even if G times amplification is performed. 

9. (Currently Amended) The image sensor according to Claim 4, characterize d in that 
wherein said amplifier has a function to acquire the difference between the pixel output of the 
reset level and the pixel output of the signal level, and performs noise cancellation by the 
function. 

10. (New) A 2-stage A/D converter, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array and an 
amplifier for amplifying an analog residual which is a difference between an input signal and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 
wherein an A/D conversion in a first stage is performed on the input signal by the N-bit 
A/D conversion means, and an A/D conversion in a second stage is performed on the amplified 
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analog residual by the M-bit A/D conversion means, so as to perform N + M bit A/D conversion, 
and 

wherein said amplifier performs G times amplification using a capacitance ratio of a 
capacitor, and the A/D conversion result is converted into an analog signal by switching a 
connection potential of one end of the capacitor of which the other end is connected to the input 
of said amplifier, and the output of said amplifier is controlled within a linear area without being 
saturated by subtracting said analog signal from the input signal, even if G times amplification is 
performed. 

1 1 . (New) A 2-stage A/D converter, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array and an 
amplifier for amplifying an analog residual which is a difference between an input signal and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 
wherein an A/D conversion in a first stage is performed on the input signal by the N-bit 
A/D conversion means, and an A/D conversion in a second stage is performed on the amplified 
analog residual by the M-bit A/D conversion means, so as to perform N + M bit A/D conversion, 
and 

wherein said amplifier is for performing G times amplification using a capacitance ratio 
of a capacitor, and in said N-bit A/D conversion, once a G times amplification operation is 
performed on a pixel signal, and the predetermined value is subtracted from the input signal 
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using another capacitor when an output of said amplifier exceeds a reference voltage while the 
output of said amplifier and said reference voltage are sequentially compared by a comparator, so 
that the output of said amplifier is pulled back to a linear area even if the output of said amplifier 
is saturated, and the number of stages used to pull back the output of said amplifier to a 
predetermined voltage is regarded as the N-bit digital value, and the output of said amplifier after 
pull back is output as the analog residual. 

12. (New) An image sensor, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array, and an 
amplifier for amplifying an analog residual which is a difference between a pixel output and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 
wherein an A/D conversion in a first stage is performed on the pixel output in columns of 
the image sensor by the N-bit A/D conversion means, and an A/D conversion in a second stage is 
performed on the amplified analog residual by the M-bit A/D conversion means, so as to perform 
N + M bit A/D conversion, and 

wherein said M-bit A/D conversion means for the analog residual performs the M-bit 
A/D conversion after horizontally scanning the analog values. 
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13. (New) An image sensor, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array, and an 
amplifier for amplifying an analog residual which is a difference between a pixel output and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 

wherein an A/D conversion in a first stage is performed on the pixel output in columns of 
the image sensor by the N-bit A/D conversion means, and an A/D conversion in a second stage is 
performed on the amplified analog residual by the M-bit A/D conversion means, so as to perform 
N + M bit A/D conversion, and 

wherein said M-bit A/D conversion means for the analog residual operates M bits of A/D 
conversion elements arranged in an array in columns. 

14. (New) An image sensor, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array, and an 
amplifier for amplifying an analog residual which is a difference between a pixel output and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 
wherein an A/D conversion in a first stage is performed on the pixel output in columns of 
the image sensor by the N-bit A/D conversion means, and an A/D conversion in a second stage is 
performed on the amplified analog residual by the M-bit A/D conversion means, so as to perform 
N + M bit A/D conversion, and 
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wherein said N-bit A/D conversion means comprises one comparator, a lamp signal 
generator common for columns, and a register for fetching a graycode value, which is supplied 
from outside a column, at the point when the output of the comparator changes. 

15. (New) An image sensor, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array, and an 
amplifier for amplifying an analog residual which is a difference between a pixel output and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 

wherein an A/D conversion in a first stage is performed on the pixel output in columns of 
the image sensor by the N-bit A/D conversion means, and an A/D conversion in a second stage is 
performed on the amplified analog residual by the M-bit A/D conversion means, so as to perform 
N + M bit A/D conversion, and 

wherein said N-bit A/D conversion means for the pixel output performs A/D conversion 
using a 1-bit comparator, said amplifier performs G times amplification in columns using the 
capacitance ratio of the capacitor, and by connecting one end of the capacitor to an input of said 
amplifier, and the other end of the capacitor to a reference voltage at reset, and changing said 
reference voltage to determine the operation point of the output voltage of the amplifier by the 
output of said 1-bit comparator, the output of said amplifier is controlled within a linear area 
without being saturated, even if G times amplification is performed. 
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16. (New) An image sensor, comprising: 

an element circuit comprising N-bit A/D conversion means arranged in an array, and an 
amplifier for amplifying an analog residual which is a difference between a pixel output and an 
N-bit A/D conversion result; and 

M-bit A/D conversion means for performing A/D conversion on said analog residual, 

wherein an A/D conversion in a first stage is performed on the pixel output in columns of 
the image sensor by the N-bit A/D conversion means, and an A/D conversion in a second stage is 
performed on the amplified analog residual by the M-bit A/D conversion means, so as to perform 
N + M bit A/D conversion, and 

wherein said amplifier has a function to acquire the difference between the pixel output of 
the reset level and the pixel output of the signal level, and performs noise cancellation by the 
function. 
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